ABSTRACT Background
Research Li-Fen Chen, Jen-Chuen Hsieh recognition hinder the higher-order emotional cognition and emotional intelligence of SPs [12] . However, researchers have yet to elucidate the means by which AH interact with emotional prosody processing (particularly early perceptual processing) or how this could lead to deficits in EI.
In the current magnetoencephalography (MEG) study, we investigated the early central processing of various prosodic sounds (i.e., M50 and M100 components) among SPs presenting AH with various degrees of severity. We also examined the relationship between brain responses and EI performance. We hypothesized that 1) SPs have fundamental deficits in the early perceptual processing of emotion prosody (particularly negative ones); 2) Active AH in SPs influence the early perceptual processing of negative emotions; and 3) deficits in early emotional processing among SPs experiencing AH are correlated with impaired social cognition, as indexed by EI performance.
Materials and Methods

Participants
The initial study cohort consisted of 98 participants (70 SPs); however, fourteen (7 SPs/7 control participants, CP) were excluded due to poor MEG signals resulting from metal dentures or because their heads did not fit the MEG helmet. Sixty-three SPs (mean age 37.37 ± 9.00, 33 males) were recruited from outpatient psychiatric clinics and daycare wards. 
Background
Approximately 70% of individuals with schizophrenia (SPs) experience auditory hallucinations (AH) [1] , which are also referred to as "false perceptions" [2, 3] . The fact that SPs tend to be biased toward negative emotions [4] often renders AH distressfully negative or threatrelated [5, 6] . Furthermore, previous studies have consistently reported on abnormalities in the perception of emotions (e.g., emotional prosody processing) and affect recognition, which can have a negative bearing on social outcomes [7] [8] [9] [10] .
SPs are functionally associated with fundamental deficits in central auditory processing, such as P50 for sensory gating [11] , N100 for early auditory encoding [11] , P200 for selective attention [12] , MMN for automatic pre-attentive processing [13, 14] , and P300 for later attentiondependent processing [15] . On one hand, SPs with AH present spontaneous hyperactivity in the auditory-perceptual system, which can interfere with auditory processing [16, 17] and subsequently render the individual vulnerability to deficits in affect perception [18] . On the other hand, SPs exhibit pronounced higher-order functional deficits in social cognition [19, 20] .
One key element of normal social cognition is the integrity of emotional intelligence. Emotional intelligence (EI) refers to a set of measurable cognitive abilities, which serve as an index of the emotional component of social cognition [21] [22] [23] [24] . Deficits in EI have been linked to the clinical symptoms of SPs as well as their daily functions and treatment outcomes [21, 22, 25, 26] . It is plausible that interactions between abnormal sensory processes and/or deficiencies in affect index scores (normalized by the response to neutral sound) followed by correlation analysis with EI performance. Our results revealed that SPs have a delayed M50 response to the sad prosody; compared to CPs. SPs with ongoing AH invoked faster M50 responses to the angry prosody, compared to SPs without AH. In cases of persistent AH, we found that SPs with worse EI performance exhibited faster M50 responses to negative-laden prosody.
Conclusion
This study revealed that AH influence early emotional responses at the low level of auditory processing. Dysfunction in the processing of less emotionally salient stimuli (sadness) may be a trait-feature of schizophrenia. Nevertheless, a predilection toward negative emotions with high arousal in persistent AH may act as a state-feature incurring the impairment of social cognition. These findings provide insight into the neural mechanisms underlying distinct phenotypes of SPs (with or without AH).
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Schizophrenia, Emotional intelligence, Auditory hallucinations, Emotional prosody, Social cognition, Magnetoencephalography Dysfunctional Early Emotional Prosody Processing in Schizophrenics (DSM-IV-TR) [27] . The exclusion criteria were as follows: 1) comorbidity with a major medical condition; 2) pregnancy or postpartum psychosis; 3) substance abuse; 4) electro-convulsive therapy in the previous year; and 5) past history of head injury resulting in loss of consciousness. Most of the patients were consistently taking atypical antipsychotics (65/70) during the study. Twentyone aged-matched CPs (mean age 35.37 ± 5.80, 11 males) recruited through advertisements on academic bulletin boards were administered the Mini International Neuropsychiatric Interview to confirm that they did not have a history of major medical or neurological illness. The study protocol was approved by the Institutional Review Board of Taipei Veteran General Hospital and Tri-Service General Hospital, and written consent was obtained from each participant. Most of the participants (80/84) were right-handed, as assessed using the Edinburgh Handedness Inventory.
Clinical evaluation and assessment of emotional intelligence
In all cases, the major DSM-IV Axis I diagnosis of schizophrenia was based on SCID-IV (the Structured Clinical Interview for DSM-IV Axis I Disorder). The severity of the clinical symptoms and AH was respectively assessed using the PANSS (Positive and Negative Syndrome Scale) [28] and PSYRATS-H (Psychotic Symptoms Rating Scales -Hallucination Subscale) [29] over the past one week before the MEG experiment. Based on the scores for the "frequency" item of the PSYRATS-H (range from 4 = most frequent to 0 = no AH), the SPs were divided into three subgroups: persistent AH (PH, with scores = 4 or 3), intermittent AH (IH, with scores = 2 or 1), and remitted/no AH (NH, with scores = 0). Most of those designated as NH (19/21) had previous experience of AH.
The assessment of EI was based on the MSCEIT-TC (Traditional Chinese version of the Mayer-Salovey-Caruso Emotional Intelligence Test), which was validated in a previous study [24] . In a previous study, our evaluation of MSCEIT-TC using confirmatory factor analysis revealed that the four-factor model (i.e., four branches) provided the best fit [24] . Thus, the measurements of the MSCEIT-TC in this study were arranged as four branches: B1) perceiving emotions; B2) the use of emotions to facilitate reasoning in cognitive tasks; B3) understanding complex emotions and how emotions change over time or in different situations; and B4) managing emotions by assessing one's ability to intelligently apply emotional information to problem-solving [30, 31] .
Stimuli and experimental paradigm
The sound stimuli used in this study was the monosyllabic sound "hey" pronounced with various emotions, including one neutral prosody (no emotion) and four emotional prosody (happy, sad, angry, and fearful), which were adopted from our previously developed dataset [32] . During the experiment, the participants were instructed to focus their attention on watching silent clips from a movie (Ratatouille) and to disregard the sound stimuli; i.e., emotion prosody was meant to be processed implicitly. The sound stimuli were binaurally delivered through plastic earphones (using the Presentation® program) at an intensity of 70-75 dB in a pseudorandom order in which each neutral sound (50%) were followed by one of the four emotional sounds (50%). Each stimulus was presented for a period of 600 ms with a jittered stimulus onset asynchrony of 950-1050 ms. There were a total of 495 sound stimuli in each block of stimuli, the first 15 of which were neutral. Each participant was subjected to two blocks, with a short break of approximately one minute in between.
MEG recording and data processing
MEG data were acquired using a whole head 306-channel neuromagnetometer system (Vectorview, Elekta-Neuromag, Helsinki, Finland) in a magnetically shielded room. Three fiducial landmarks (nasion and bilateral preauricular points) and four head position indicator coils were localized using a 3D digitizer system (Polhemus Navigation Science, Colchester, USA). Three fiducial points were used for the precise co-registration of the MEG and anatomical magnetic resonance (MR) imaging systems. Anatomical MR images were acquired using a 3T GE Discovery TM MR750 system equipped with an 8-channel phased-array head coil with a T1-weighted, magnetization prepared, 3D fast spoiled gradient-recalled echo sequence (repetition time = 8.22 ms, echo time = 3.24 ms, inversion time = 450 ms, flip angle = 12°, matrix size = 256 × 256 × 192, and voxel size = 0.9 × 0.9 × 0.9 mm 3 ). For group comparisons, individual T1-weighted MR images were morphed into a standard stereotactic space (Montreal Neurological Institute) using FreeSurfer software [33] . The estimated deformation fields were then applied to the MEG data.
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MEG signals were sampled at 1000 Hz and online band-pass filtered at 0.03-330 Hz. Epochs were extracted from 350 ms before to 500 ms following the onset of each sound stimulus. We discarded epochs contaminated by large eye-blink movements (electrooculographic amplitude >300 µV) or magnetic fields induced by background noise (>6000 fT/cm). The remaining epochs were visually inspected for additional artifacts, whereupon artifact-free epochs underwent band-pass filtering at 1-40 Hz. Approximately 90% of the trials for each sound stimulus were averaged ( Figures 1A and  1B) , and there was no differences in the number of trials per stimuli between groups (p>0.1). The interval between 350 ms and 50 ms prior to the onset of stimulus was used for baseline correction.
The cortical sources of the evoked responses were identified using the equivalent current dipole (ECD) model via Neuromag software [34] based on the least-squares method. The forward solution was calculated using a single layer boundary element model (BEM) [35] based on the inner surface of the skull (created by FreeSurfer). A two-dipole modeling approach (one for each hemisphere) was applied for the localization of neural responses to each sound at 40-80 ms (M50 component) and 81-150 ms (M100 component) following the onset of stimulus [36] . The initial location of each ECD was fit using 20-40 MEG channels around the auditory areas, based on 90% goodness-of-fit criteria. After identifying the initial ECD with the highest goodness-of-fit, all of the channels were taken into account in deriving the best explanation for the globally recorded magnetic field. Distinct dipolar polarity patterns of the M50 and M100 responses (anterior-superior versus posterior-inferior) ( Figure 1C ) were used to differentiate the sources of M50 responses from those of M100. The peak amplitude, latency, and location of each dipole source ( Figure 1D ) were estimated for these ECDs, as described in our previous study [37] .
To formulate an index of brain responses to emotional sounds, we developed a novel procedure similar to the scheme used in studies on emotional prosody using BOLD contrast fMRI [38, 39] . The normalized amplitude index (NAI) and normalized latency index (NLI) for M50 and M100 components were calculated as follows:
where A and L respectively represent the source peak amplitude and latency, and NAI and NLI respectively represent the strength and speed of emotion-specific brain responses conveyed by emotional prosody. The use of normalization based on responses to neutral sounds as a reference made it possible to conduct comparisons of emotion-specific responses between CPs and the schizophrenia groups as well as among the three subgroups of schizophrenia (e.g. PH, IH, and NH).
Statistical analyses
Statistical analyses were conducted using IBM SPSS Statistics, version 21.0 (IBM Corp. Armonk, NY, USA). For all of the demographic data, clinical assessments, and brain responses, we used independent-samples t-tests for comparisons between the CP and schizophrenia groups, and one-way ANOVA with Tukey-HSD post hoc tests for within-group comparisons among the three schizophrenia subgroups. For NAI and NLI, non-parametric analysis was applied according to the results obtained from Levene's test for homogeneity of variance and the Kolmogorov-Smirnov test for the normality of distribution. The Mann-Whitney U-test and Kruskal-Wallis test were respectively used for between-group and within-group comparisons, followed by Dunn's post hoc test. Test statistics obtained from non-parametric tests were transformed into eta squared, and effect sizes were computed using a standardized measure (Cohen's d) [40] . Spearman rank correlation was performed to investigate the relationships between EI scores (e.g., the scores of MSCEIT-TC) and the values of NAI and NLI for each emotional sound in each group. Table 1 lists the demographic data for the schizophrenia and CP groups. The SPs were divided into three subgroups (PH, IH, and NH) in accordance with the scores of PSYRATS-H. In terms of clinical symptoms, we obtained statistically significant differences in PANSSpositive (F(2,60) = 12.78, p<0.001, effect size = 1.16) and PANSS-total (F(2,60) = 3.27, p = 0.045, effect size = 0.49) between the three subgroups of schizophrenia. Tukey post hoc Within-group differences among the three schizophrenia subgroups were evaluated using one-way ANOVA with Turkey-HSD post hoc comparisons.
Results
Demographic and clinical information of participants
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Between-group differences (SPs vs. CP) were evaluated using an independent paired T-test.
PH: persistent hallucinating; IH: intermittent hallucinating; NH: non-hallucinating; CP: control participants; DOS: duration of illness.
PANSS: positive and negative syndrome scale.
PSYRATS-H: psychotic symptoms rating scale -hallucination subscale.
Research Li-Fen Chen, Jen-Chuen Hsieh tests revealed that the PANSS-positive scores in the PH group were higher than those in the IH (p<0.001) and NH groups (p=0.042), and the PANSS-total scores in the PH group were higher than those in the NH group (p=0.042). The IH group achieved PANSS-positive scores higher than those in the NH group (p = 0.033). The range of mean PANSS-total scores was 62.7 to 73.5, indicating that the SPs were clinically stable. Table 2 lists the MSCEIT-TC data used in the evaluation of EI performance in the schizophrenia and CP groups. The reported scores of MSCEIT-TC were rescaled from raw scores using a normreference method [24] . EI performance in the schizophrenia group was lower than in the CP group in all branches. No significant differences in EI performance were observed among the three subgroups of schizophrenia.
Evaluation of EI performance
Source estimation of M50 and M100 brain responses
In all of the participants, 95% of the M50 and 96% of the M100 dipoles were identifiable over either hemisphere (795 for M50 and 803 for M100 ECDs from 840 cases, 840 = 84 participants x 2 hemispheres x 5 sound stimuli). The dipole sources of the M50 and M100 responses were localized in the bilateral auditory cortices and superior temporal gyri (Figure 2) . No significant differences in dipole locations were observed for any of the sources in betweengroup or within-group comparisons. Table 3 lists the peak dipole amplitudes and latencies of M50 and M100 dipole sources. M100 amplitudes in the schizophrenia group were lower than those in the CP group for all sound stimuli in both hemispheres (except for the fearful sound in the left hemisphere). ANOVA results revealed no significant differences among the three schizophrenia subgroups.
Comparisons using the emotion-specific response index
The NLI and NAI of M50 and M100 responses to emotional sounds are listed in Tables 4 and  5 , respectively. We observed no significant differences in the emotion-specific amplitude index in between-group or within-group comparisons (Table 5 ). In summary, the schizophrenia group exhibited delayed right M50 brain responses (i.e. smaller absolute value of NLI) to the sad sound, compared to the CP group (U(77)=360, Z=2.06, p=0.04, effect size = 0.48, (Figure 3a) . Kruskal-Wallis tests revealed significant differences in the right M50 brain responses to the angry sound among the three schizophrenia subgroups (χ 2 (2)=8.84, p=0.012, effect size=0.74, (Figure 3b) , and post hoc tests showed that the PH and IH groups exhibited faster brain responses (i.e. larger absolute NLI value) than did the NH group (Q=-2.71, p=0.02 and Q=-2.45, p=0.043, respectively). It should be noted that the absolute NLI value in response to the angry sound was approximately ten times greater than that of the sad sound, which implies that the angry stimulus has high emotional salience. CP>SPs** Data are presented as mean ± standard deviation. * p<0.05, ** p <0.001 for significant differences; and n.s. indicates non-significant differences. Within-group differences among the three schizophrenia subgroups were evaluated using one-way ANOVA with Turkey-HSD post hoc comparisons. Between-group differences (SPs vs. CP) were evaluated using an independent paired T-test. PH: persistent hallucinating; IH: intermittent hallucinating; NH: non-hallucinating; CP: control participants; MSCEIT-TC: Traditional Chinese version of Mayer-Salovey-Caruso Emotional Intelligence Test. .0 ± 2.0** 95.8 ± 1.6 Data are presented as mean ± standard error. * p<0.05 and ** p<0.01 for significant between-group differences (SPs vs. CP) using an independent-sample 2-tailed Student's t-test. No statistically significant within-group differences were observed among the three subgroups of schizophrenia. 3 ± 1.7 -9.2 ± 1.2 -9.5 ± 1.5 n.s. -9.6 ± 0.8 n.s. Data are presented as mean ± standard error. * p<0.05 for significant difference; n.s. indicates non-significant differences.
Correlations between brain responses and EI performance
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Within-group differences among the three subgroups of schizophrenia were evaluated using Dunn's nonparametric comparisons for post hoc testing after the Kruskal-Wallis test.
Between-group differences (SPs vs. CP) were evaluated using the Mann-Whitney U-test. No statistically significant between-group and within-group differences were found. PH: persistent hallucinating; IH: intermittent hallucinating; NH: non-hallucinating; CP: control participants; n.s. indicates non-significant differences. 
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Discussion
In this study, we used emotion-specific indices to analyze early auditory brain responses, in conjunction with an implicit task of emotion prosodic perception to reveal the intricate interactions in the early processing of emotion prosody and AH and EI performance in SPs. Overall, the SPs in this study presented deficits in the early perceptual processing of negative emotions (i.e., sad), compared to CPs. Deficits in the PH group were also shown to be associated with impaired downstream social cognition, as indexed by EI. Our results revealed that previous and/or concurrent AH may, as a trait-marker, hamper the processing of negative emotions, such as sadness. Nevertheless, active AH (i.e., PH/IH vs. NH) may, as a state-marker, accelerate the processing of negative emotions with high arousal potential (i.e., angry) as a compensatory neural predisposition. Nonetheless, in the context of persistent hallucinations (PH group), these types of adaptive mechanism do not necessarily function optimally in the perceptual processing of negative emotions, which may in turn impair social cognition.
In the present study, the overall attenuation of M100 responses in SPs (vs. CPs) to prosodic stimuli was consistent with those in previous reports [41] [42] [43] . Subdued central auditory responses such as these may be attributed to increased noisiness in the brain [44] , a low ceiling for auditory neural entrainment, and limited systemic capacity for the integration of incoming stimuli [45] . This would imply dysfunction in early sensory processing at the level of the auditory cortex in SPs. Despite an overall reduction in the auditory M100 amplitudes, it is possible that the normalized amplitude index (NAI) is not a predictive measure by which to assess the early perceptual processing of emotions, due to substantial between-subject variability large standard errors in (Table 5) .
Angry sounds are perceived as negative or social threat-related stimuli [46, 47] , and may therefore capture the subject's attention much more readily than do other prosody sounds [48] . SPs experiencing innately negative AH (either PH or IH) who are bias-prone toward negative emotions [49] would therefore be expected to undergo an accelerated response to angry sounds.
In normal situations, high-salience stimuli (i.e., angry sounds) engages top-down attention circuitry (prefrontal cortex) [49] and bottomup emotion circuitry (amygdala) [50] for high-level EI [51] . In the CPs, we observed a positive correlation between the latency of brain responses to high-salience angry sounds and EI performance; i.e., slower brain responses are associated with better EI performance. Faster brain responses to angry sounds (vs. neutral ones) may be an indication of inherent attentiveness toward negative emotions [48] . After all, rapid detection of sociobiological threating cues (with or without a high number of false-alarms) is beneficial for survival [52] , and may affect higher-order social cognition [53] . It should be noted that the PHs retained the operational mechanism of CPs as a compensatory reaction. Nonetheless, it is plausible that the rigidity of aberrant information processing [49, 54] (e.g., attention bias with misattributions of negative emotions and deranged early perceptual processing) [55] in actively hallucinating SPs may eventually lead to abnormal neurocognition, as expressed in poor EI performance in the PH group [56] .
It is intriguing that only the PH group displayed a correlation between brain responses to negative emotions (i.e., sad/angry sounds) and EI performance; i.e., neither the IH nor NH groups presented this correlation. From the perspective of the theory of stochastic resonance, the ability to detect external signals may be enhanced by an increase in the amount of noise in a neuronal system [57] . Previous studies reported that hallucinating SPs presented elevated levels of cortical noise during the processing of information [44] as well as resting hyperactivity in the auditory cortex [16, 58] . Thus, we speculate that PHs (vs. NHs/IHs and controls) is prone to higher background noise (task-irrelevant neural activity) and faster perceptual processing of negative emotions as well as the misattribution of emotional salience.
It should be mentioned that all of the SPs in the present study demonstrated deficits in perceptual Dysfunctional Early Emotional Prosody Processing in Schizophrenics brain responses to sadness (vs. controls), which is consistent with other studies [18, 59] . The sad sound features low pitch variability, a relatively low base frequency, low mean voice intensity, and slow speech rate [60, 61] . These attributes should render sad sounds as signals of reduced salience. Previous studies have reported significant deficits in the prosodic perception of sad stimuli in SPs [59, 62] , which could compromise accuracy in the identification of sad sounds [63] . Our findings of delayed brain responses to sad sound in all schizophrenia groups (for past and/or concurrent AH) suggest that a reduction in the ability to perceptually process less emotionally salient environmental stimuli may be a characteristic trait of schizophrenia.
There are a few points that require further consideration. Firstly, we did not request the participants to actively identify the valence or arousal level of each sound. The implicit paradigm of the current study was meant to emulate their day to day lives, which is a preferable experimental setting when investigating the interactive processes involved in emotion perception and social cognition in SPs. Secondly, all of the SPs in this study were regularly taking psychotropic medications. Nonetheless, most of the patients were prescribed atypical antipsychotics (19/21 in PH subgroup, 19/21 in IH subgroup and 20/21 in NH subgroup), which means that the confounding effects of the medication can probably be discounted. Finally, the fact that the three schizophrenia subgroups achieved similar PANSS-depression scores precludes the possibility of psychological bias due to fluctuations in mood.
Conclusion
This paper presents a novel analytical approach to the estimation of emotion-specific brain responses. Our results revealed impairments in the early perceptual processing of one negative emotion (sadness) by SPs compared to CPs.
Furthermore, it appears that dysfunction in the processing of negative emotions is a characteristic trait of schizophrenia, regardless of whether the individual experiences AH. Ongoing AH may invoke a predilection toward negative emotions with high arousal potential (e.g., anger), which may be associated with deficiencies in perceptual processing and dysfunction in social cognition. Our findings imply that deciphering the phenotypes of SPs based on the severity of AH (e.g., persistent/intermittent vs. remitted/ none AH) and EI performance may have important implications for subsequent studies on schizophrenia, due to differences in the early perceptual processing of emotional sounds and EI among the subtypes of SPs.
